GEAR CHANGE DEVICE 



Field of the Invention 

The present invention relates to a gear change device 
for shifting a transmission mounted on a vehicle. 

Description of the Related Art 

A gear change device for shifting a transmission 
comprises a select actuator for operating a shift lever in 
the direction of selection and a shift actuator for operating 
the shift lever in the direction of shift. 

As the select actuator and the shift actuator, there 
have generally been used fluid pressure cylinders by using 
the fluid pressure such as air pressure or hydraulic pressure 
as a source of actuation. The select actuator and the shift 
actuator using the fluid pressure cylinders require a piping 
for connecting the source of fluid pressure to the actuators, 
an electromagnetic change-over valve for changing over the 
flow passage of the operation fluid, and space for the 
arrangement thereof, resulting in an increase in the weight 
of the device as a whole. 

In recent years, there have been proposed a select 
actuator and a shift actuator constituted by electric motors 
as a device for shifting a transmission mounted on a vehicle 
which is provided with neither a source of the compressed air 
nor a source of the hydraulic pressure. The select actuator 
and the shift actuator constituted by electric motors need 
neither the piping for connection to the source of fluid 
pressure nor the electromagnetic change-over valve unlike the 
actuators that use fluid pressure cylinders, and can, hence, 
be constituted in a compact size as a whole and in a reduced 
weight. 

The actuator using an electric motor needs a speed 
reduction mechanism for obtaining a predetermined operating 
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force. As the speed reduction mechanism, there have been 
proposed the one using a ball-screw mechanism and the one using 
a gear mechanism. However , the actuators using the ball-screw 
mechanism and gear mechanism are not necessarily satisfactory 
5 in regard to the durability of the ball-screw mechanism and 
the gear mechanism and in regard to the durability and the 
operation speed of the electric motor. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
gear change device equipped with a select actuator which 
features excellent durability and a high operation speed. 

According to the present invention, in order to achieve 
the above-mentioned object, there is provided a gear change 
device having a select actuator for operating a shift lever 
in a direction of selection and a shift actuator for operating 
the shift lever in a direction of shift, wherein the select 
actuator comprises a casing, a shift lever support member that 
is disposed in the casing so as to slide in an axial direction 
and supports the shift lever, a magnetic moving means disposed 
on the outer periphery of the shift lever support member, a 
cylindrical fixed yoke surrounding the magnetic moving means, 
and a coil disposed on the inside of the fixed yoke. 

The shift lever support member comprises a cylindrical 
shift sleeve which is disposed slidably in the axial direction 
on a control shaft that is rotatably disposed in the casing 
and is caused to turn in the direction of shift by the shift 
actuator. Further, the shift lever support member comprises 
a control shaft which is disposed rotatably and slidably in 
the axial direction in the casing and is caused to turn in 
the direction of shift by the shift actuator. 

The coil is constituted by a pair of coils disposed 
neighboring in the axial direction. The magnetic moving means 
is constituted by an annular permanent magnet mounted on the 



outer peripheral surface of the shift lever support member 
and having magnetic poles in both end surfaces thereof in the 
axial direction, and moving yokes arranged respectively on 
the outer sides of the permanent magnet in the axial direction 
thereof . 

The magnetic moving means comprises a moving yoke 
mounted on the outer peripheral surface of the shift lever 
support member and an annular permanent magnet mounted on the 
outer peripheral surface of the moving yoke and having magnetic 
poles in the outer peripheral surface and in the inner 
peripheral surface thereof, the moving yoke having a 
cylindrical portion on which the permanent magnet is mounted 
and annular flanges provided at both ends of the cylindrical 
portion, and the outer peripheral surfaces of the flanges being 
located close to the inner peripheral surface of the fixed 
yoke. 

Further, the magnetic moving means comprises an 
intermediate yoke mounted on the outer peripheral surface of 
the shift lever support member, a pair of annular permanent 
magnets disposed respectively on both sides of the 
intermediate yoke to hold it therebetween and having magnetic 
poles in both end surfaces thereof in the axial direction, 
and moving yokes disposed respectively on the outer sides of 
the pair of permanent magnets in the axial direction thereof, 
the moving yokes having annular flanges located close to the 
inner peripheral surface of the fixed yoke. It is desired that 
the pair of permanent magnets have the same polarity in the 
end surfaces opposed to each other. 

It is further desired that the select actuator have a 
select position- limiting means for limiting the operation 
position of the shift sleeve according to a thrust produced 
on the shift sleeve in proportion to the amount of electric 
power supplied to the coil. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating a gear change 
device constituted according to an embodiment of the present 
invention ; 

Fig. 2 is a sectional view along the line A-A in Fig. 

1; 

Fig. 3 is a sectional view along the line B-B in Fig. 

1; 

Fig. 4 is views illustrating the operation of a select 
actuator constituting the gear change device shown in Fig. 
1 according to a first embodiment; 

Fig. 5 is a sectional view illustrating a major portion 
of the select actuator that constitutes the gear change device 
shown in Fig. 1 according to a second embodiment; 

Fig. 6 is views illustrating the operation of the select 
actuator that constitutes the gear change device shown in Fig. 
5 according to the second embodiment; 

Fig. 7 is a sectional view illustrating a major portion 
of the select actuator that constitutes the gear change device 
shown in Fig. 1 according to a third embodiment; 

Fig. 8 is views illustrating the operation of the select 
actuator that constitutes the gear change device shown in Fig. 
7 according to the third embodiment; 

Fig. 9 is a sectional view illustrating the gear change 
device constituted according to another embodiment of the 
present invention; and 

Fig. 10 is a sectional view along the line C-C in Fig. 

9. 

DETAILED DESCRIP TION OF THE PREFE RRED EMBODIMENTS 

Preferred embodiments of the gear change device 
constituted according to the present invention will now be 
described in further detail with reference to the accompanying 
drawings . 



Fig. 1 is a sectional view illustrating a gear change 
device constituted according to an embodiment of the present 
invention, Fig. 2 is a sectional view along the line A— A in 
Fig. 1, and Fig. 3 is a sectional view along the line B-B in 
Fig. 1. 

A gear change device 2 according to the embodiment is 
constituted by a select actuator 3 and a shift actuator 5. 
The select actuator 3 in the illustrated embodiment has three 
cylindrical casings 31a, 31b and 31c. A control shaft 32 is 
arranged in the three casings 31a, 31b and 31c, and both ends 
of the control shaft 32 are rotatably supported by the casings 
31a and 31c on both sides via bearings 33a and 33b. A spline 
321 is formed in an intermediate portion of the control shaft 
32. A cylindrical shift sleeve 35 constituted integratedly 
with a shift lever 34 is spline-fitted to the spline 321 so 
as to slide in the axial direction. Therefore, the shift 
sleeve 35 is disposed slidably in the axial direction on the 
control shaft 32 that is rotatably arranged in the casing, 
and works as a shift lever support member for supporting the 
shift lever. The shift lever 34 and the shift sleeve 35 are 
made of a nonmagnetic material such as a stainless steel, and 
the shift lever 34 is disposed through an opening 311b formed 
in a lower portion of the central casing 31b. An end of the 
shift lever 34 is so constructed as to suitably engage with 
shift blocks 301, 302, 303 and 304 which are disposed at a 
first select position SPl, a second select position SP2, a 
third select position SP3 and a fourth select position SP4 
and constitute a shift mechanism for a transmission that is 
not shown . 

A magnetic moving means 36 is disposed on the outer 
peripheral surface of the shift sleeve 35. The magnetic 
moving means 36 is constituted by an annular permanent magnet 
361 which is mounted on the outer peripheral surface of the 
shift sleeve 35 and has magnetic poles in both end surfaces 
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in the axial direction and by a pair of moving yokes 362 and 
363 disposed on the outer sides of the permanent magnet 361 
in the axial direction thereof. The permanent magnet 361 in 
the illustrated embodiment is magnetized into an N-pole in 
5 the right end surface in Figs. 1 and 2, and is magnetized into 
an S-pole in the left end surface in Figs. 1 and 2. The above 
pair of moving yokes 362 and 363 is made of a magnetic material 
in an annular shape. The thus constituted magnetic moving 
means 36 is positioned at its right end (in Figs. 1 and 2) 
O 10 of the one moving yoke 362 (right side in Figs. 1 and 2) by 

a step 351 formed in the shift sleeve 35, and is positioned 
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O at its left end (in Figs. 1 and 2) of the other moving yoke 

m 

m 363 (left side in Figs. 1 and 2) by a snap ring 37 fitted to 

■=P the shift sleeve 35, so that the motion in the axial direction 

Q 15 thereof is limited. A fixed yoke 39 is disposed on the outer 

[7 peripheral side of the magnetic moving means 36 to surround 

00 the magnetic moving means 36. The fixed yoke 39 is made of 

H? a magnetic material in a cylindrical shape and is mounted on 

the inner peripheral surface of the central casing 31b. A pair 
20 of coils 40 and 41 is arranged on the inside of the fixed yoke 
39. The pair of coils 40 and 41 is wound on a bobbin 42 that 
is made of a nonmagnetic material such as a synthetic resin 
and is mounted on the inner peripheral surface of the fixed 
yoke 39. The pair of coils 40 and 41 is connected to a power 
25 source circuit that is not shown. The length of the coil 40 
in the axial direction nearly corresponds to a length of 
selection from the first select position SPl up to the fourth 
select position SP4. End walls 43 and 44 are mounted on both 
sides of the fixed yoke 39. On the inner periphery of the end 
30 walls 43 and 44 are mounted sealing members 45 and 46 that 
come in contact with the outer peripheral surface of the shift 
sleeve 35. 

The select actuator 3 according to the first embodiment 
is constituted as described above, and works based on a 



principle of a linear motor that is constituted by the magnetic 
moving means 36 disposed on the shift sleeve 35 that serves 
as the shift lever support member, by the fixed yoke 39 and 
by the pair of coils 40 and 41. The operation will now be 
described with reference to Fig. 4. 

In the select actuator 3 according to the first 
embodiment, there is established a magnetic circuit 368 
passing through the N-pole of permanent magnet 361, one moving 
yoke 362, one coil 40, fixed yoke 39, the other coil 41, the 
other moving yoke 363 and S-pole of permanent magnet 361, as 
shown in Figs. 4(a) and 4(b). In this state, when electric 
currents are supplied to the pair of coils 40 and 41 in the 
directions opposite to each other as shown in Fig. 4(a), a 
thrust toward the right is produced by the magnetic moving 
means 36, i.e., produced by the shift sleeve 35 as indicated 
by an arrow in Fig. 4(a) due to the Fleming's left-hand rule. 
As shown in Fig. 4(b), on the other hand, when the electric 
currents are supplied to the pair of coils 40 and 41 in the 
directions just opposite to the directions of Fig. 4(a), a 
thrust toward the left is produced by the magnetic moving means 
36, i.e., produced by the shift sleeve 35 as indicated by an 
arrow in Fig. 4(b) due to the Fleming's left-hand rule. The 
magnitude of thrust produced by the magnetic moving means 36, 
i.e., produced by the shift sleeve 35 is determined by the 
amount of electric power supplied to the pair of coils 40 and 
41. 

The actuator 3 in the illustrated embodiment has a first 
select position- limiting means 47 and a second select 
position-limiting means 48 for limiting the position of the 
shift lever 34 to the first select position SP1, second select 
position SP2, third select position SP3 or fourth select 
position SP4 in cooperation with the magnitude of thrust acting 
on the magnetic moving means 36, i.e., acting on the shift 
sleeve 35. The first select position-limiting means 4 7 
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comprises snap rings 471 and 472 fitted to right end portions 
(in Figs. 1 and 2) of the central casing 31b at a predetermined 
interval, a compression coil spring 473 disposed between the 
snap rings 471 and 472, a moving ring 474 disposed between 
5 the compression coil spring 473 and one snap ring 471 , and 
a stopper 475 for limiting the motion of the moving ring 474 
by coming in contact therewith when the moving ring 474 is 
moved toward the right in Figs. 1 and 2 by a predetermined 



amount . 

M io When in a state as shown in Figs 1 and 2, an electric 

□ 

current is supplied to the pair of coils 40 and 41 at a voltage 
j|J of, for example, 2.4 V as shown in Fig. 4(a), the thus 

m constituted first select position-limiting means 47 so works 

m 

% that the magnetic moving means 36 moves , i.e., the shift sleeve 

e 15 35 moves toward the right in Figs. 1 and 2 and the right end 

o 

yL of the shift sleeve 35 comes in contact with the moving ring 

474 in Figs. 1 and 2 to be limited for its position. In this 
p state, the resilient force of the coil spring 473 has been 



set so as to become larger than the thrust that acts on the 
2 0 magnetic moving means 36, i.e. , that acts on the shift sleeve 
35. Therefore, the shift sleeve 35 in contact with the moving 
ring 474 is brought into a halt at a position where the moving 
ring 474 is in contact with the one snap ring 471. In this 
case, the shift lever 34 constituted integratedly with the 
25 shift sleeve 35 is brought to the second select position SP2 . 
Next, when the current is supplied to the pair of coils 40 
and 41 at a voltage of, for example, 4.8 V as shown in Fig. 
4(a) , the thrust acting on the magnetic moving means 36, i.e. , 
acting on the shift sleeve 35 has been set so as to become 
30 larger than the resilient force of the coil spring 473. 

Accordingly, the shift sleeve 35 that has come in contact with 
the moving ring 474, then, moves toward the right in Figs. 
1 and 2 against the resilient force of the coil spring 473, 
and the moving ring 474 is brought into a halt at a position 



where the moving ring 474 comes in contact with the stopper 
475. At this moment, the shift lever 34 constituted 
integratedly with the shift sleeve 35 is brought to the first 
select position SP1. 

Next, the second select position-limiting means 48 will 
be described. 

The second select position-limiting means 48 comprises 
snap rings 481 and 482 fitted to left end portions {in Figs. 

1 and 2 ) of the central casing 31b at a predetermined distance, 
a coil spring 483 disposed between the snap rings 481 and 482, 
a moving ring 484 disposed between the coil spring 483 and 
one snap ring 481, and a stopper 485 for limiting the motion 
of the moving ring 484 by coming in contact therewith when 
the moving ring 484 is moved toward the left in Figs. 1 and 

2 by a predetermined amount. 

When in a state as shown Figs. 1 and 2, a current is 
supplied to the pair of coils 40 and 41 at a voltage of, for 
example, 2.4 V as shown in Fig. 4(b), the thus constituted 
second select position-limiting means 48 so works that the 
magnetic moving means 36 moves, i.e. , the shift sleeve 35 moves 
toward the left in Figs. 1 and 2 and the left end of the shift 
sleeve 35 comes in contact with the moving ring 484 in Figs. 
1 and 2 to be limited for its position. In this state, the 
resilient force of the coil spring 483 has been set so as to 
become larger than the thrust that acts on the magnetic moving 
means 36, i.e., that acts on the shift sleeve 35. Therefore, 
the shift sleeve 35 in contact with the moving ring 484 is 
brought into a halt at a position where the moving ring 484 
is in contact with the one snap ring 481. In this case, the 
shift lever 34 constituted integratedly with the shift sleeve 
35 is brought to the third select position SP3. Next, when 
the current is supplied to the pair of coils 40 and 41 at a 
voltage of, for example, 4 . 8 V as shown in Fig. 4(b), the thrust 
acting on the magnetic moving means 36, i.e., acting on the 
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shift sleeve 35 has been set so as to become larger than the 
resilient force of the coil spring 483. Accordingly, the 
shift sleeve 35 that has come in contact with the moving ring 
484, then, moves toward the left in Figs. 1 and 2 against the 
5 resilient force of the coil spring 483, and the moving ring 
484 is brought into a halt at a position where the moving ring 
484 comes in contact with the stopper 485. At this moment, 
the shift lever 34 constituted integratedly with the shift 
sleeve 35 is brought to the fourth select position SP4. 
^ 10 As described above, according to the illustrated 

D embodiment provided with the first select position-limiting 

O 

ip_ means 47 and with the second select position-limiting means 

48, the shift lever 34 can be brought to a predetermined select 
CP position by controlling the amount of electric power supplied 

15 to the pair of coils 40 and 41, without executing the position 
O control operation. 

According to the select actuator 3 of the first 
embodiment constituting the gear change device 2 as described 
jfy above, since the shift sleeve 35 that is constituted 

20 integratedly with the shift lever 34 and works as the shift 
lever support member, operates based on the principle of a 
linear motor which is constituted by the magnetic moving means 
36 , fixed yoke 39 and the pair of coils 40 and 41 , it has improved 
durability owing to no existence of rotary mechanism. Further, 
25 unlike the actuator using an electric motor, neither the 
ball-screw mechanism nor the gear mechanism, which 
constitutes a reduction gear, is necessary. Therefore, the 
select actuator is constituted in a compact size and operates 
at an increased speed. 
30 Next, a second embodiment of the select actuator 

constituting the gear change device 2 will be described with 
reference to Figs. 5 and 6. The select actuator 3a according 
to the second embodiment shown in Fig. 5 has a magnetic moving 
means 36a disposed on the shift sleeve 35 which is the shift 
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lever support member and a coil 40a disposed on the inside 
of the fixed yoke 39, which are different from the magnetic 
moving means 36 and the pair of coils 40, 41 of the select 
actuator 3 of the above-mentioned first embodiment. Other 
5 constituent members, however, may be substantially the same 
as those of the select actuator 3 of the first embodiment. 
Therefore, Fig. 5 illustrates only those elements that are 
different from those of the select actuator 3 of the first 
embodiment. In Fig. 5, further, the members same as those 

§=& 10 constituting the select actuator 3 of the first embodiment 

O 

p are denoted by the same reference numerals. 

HI The select actuator 3a according to the second 

Q 

gj embodiment is constituted by one coil 40a disposed on the 

5 inside of the fixed yoke 39. The length of the coil 40a in 

4* 

s 15 the axial direction is set to be nearly the same as the length 

of selection of from the first select position SP1 to the fourth 

►* select position SP4 . 

03 

□ The magnetic moving means 36a comprises a moving yoke 

^ 360a mounted on the outer peripheral surface of the shift 

20 sleeve 35 which is the shift lever support member, and an 
annular permanent magnet 364a disposed on the outer peripheral 
surface of the moving yoke 360a facing the inner peripheral 
surface of the coil 40a. The moving yoke 360a is made of a 
magnetic material, and has a cylindrical portion 361a on which 

25 a permanent magnet 364a is mounted, and annular flanges 362a 
and 363a provided at both ends of the cylindrical portion 361a. 
The outer peripheral surfaces of the flanges 362a and 363a 
are close to the inner peripheral surface of the fixed yoke 
39. It is desired that the gap between the outer peripheral 

30 surfaces of the flanges 362a, 363a and the inner peripheral 
surface of the fixed yoke 39 be as small as possible. By taking 
errors in the production into consideration, however, the gap 
in the illustrated embodiment is set to be 0.5 mm. Referring 
to Fig. 5, the thus constituted moving yoke 360a has its right 
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end positioned by a step 351 formed in the shift sleeve 35 
and has its left end positioned by a snap ring 365a fitted 
to the shift sleeve 35 so as to be limited for its motion in 
the axial direction. The permanent magnet 364a has magnetic 
5 poles in the outer peripheral surface and in the inner 

peripheral surface thereof. In the illustrated embodiment, 
an N-pole is formed in the outer peripheral surface and an 
S-pole is formed in the inner peripheral surface. The thus 
formed permanent magnet 364a is mounted on the outer peripheral 
10 surface of the cylindrical portion 361a of the moving yoke 
360a r and is limited for its motion in the axial direction 
by the snap rings 366a and 367a arranged on both sides of the 

P permanent magnet 364a and mounted to the cylindrical portions 

00 

m 361a. 

"F 15 The select actuator 3a according to the second 

D embodiment is constituted as described above. The operation 

U 

jj^ will now be described with reference to Fig. 6. 

0? In the select actuator 3 a of the second embodiment as 

D 

fy shown in Fig. 6(a) and 6(b), a first magnetic flux circuit 

20 368a and a second magnetic flux circuit 369a are formed by 
the permanent magnet 364a. That is, in the select actuator 
3a of the second embodiment, there are established the first 
magnetic circuit 368a passing through the N-pole of permanent 
magnet 364a, coil 40a, fixed yoke 39, flange 362a of the moving 
25 yoke 360a, cylindrical portion 361a of moving yoke 360a and 
S-pole of the permanent magnet 364a, and the second magnetic 
circuit 369a passing through the N-pole of permanent magnet 
364a, coil 40a, fixed yoke 39, flange 363a of the moving yoke 
360a, cylindrical portion 361a of the moving yoke 360a and 
30 S-pole of the permanent magnet 364a. When in this state, an 
electric current is supplied to the coil 40a in a direction 
shown in Fig. 6(a), a thrust is produced toward the left on 
the magnetic moving means 36a, i.e., on the shift sleeve 35 
as indicated by an arrow in Fig. 6(a) . On the other hand, when 



the current is supplied to the coil 40a in a direction opposite 
to the direction of Fig. 6(a) as shown in Fig. 6(b), a thrust 
is produced toward the right on the magnetic moving means 36a, 
i.e. , on the shift sleeve 35 as indicated by an arrow in Fig. 
6(b). In the select actuator 3a according to the second 
embodiment as shown in Figs. 6(a) and 6(b), since the first 
magnetic flux circuit 368a and the second magnetic flux circuit 
369a are formed by the permanent magnet 364a and it has a 
constitution of the inner peripheral surface of the fixed yoke 
39 being close to the outer peripheral surfaces of the flanges 
362a and 363a of the moving yoke 360a, a large air gap to the 
magnetic flux is formed by the coil 40a only. Accordingly, 
the select actuator 3a of the illustrated embodiment can 
minimize the air gap in the magnetic flux circuit formed by 
the permanent magnet 364a and hence, produces a large thrust. 

Next, a third embodiment of the select actuator 
constituting the gear change device 2 will be described with 
reference to Figs. 7 and 8. The select actuator 3b according 
to the third embodiment shown in Fig. 8 has a magnetic moving 
means 36b disposed on the shift sleeve 35 as the shift lever 
support member, which is different from the magnetic moving 
means 36a of the select actuator 3a of the above-mentioned 
second embodiment. Other constituent members, however, may 
be substantially the same as those of the select actuator 3a 
of the second embodiment. Therefore, Fig. 7 illustrates only 
those elements that are different from those of the select 
actuator 3a of the second embodiment. In Fig. 7, further, the 
members same as those constituting the select actuator 3a of 
the second embodiment are denoted by the same reference 
numerals . 

The select actuator 3b according to the third embodiment 
is constituted by one coil 40b disposed on the inside of the 
fixed yoke 39 like the select actuator 3a of the second 
embodiment. The length of the coil 40b in the axial direction 
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is set to be nearly the same as the length of selection of 
from the first select position SPl to the fourth select 
position SP4. 

The magnetic moving means 36b comprises an intermediate 
yoke 361b that is mounted on the outer peripheral surface of 
the shift sleeve 35 as the shift lever support member and is 
opposed to the inner peripheral surface of the coil 40b, a 
pair of permanent magnets 362b and 363b disposed respectively 
on both sides of the intermediate yoke 361b to hold it 
therebetween, and a pair of moving yokes 364b and 365b disposed 
respectively on the outer sides of the pair of permanent 
magnets 362b and 363b in the axial direction thereof. The 
intermediate yoke 361b is made of a magnetic material in an 
annular shape. The pair of permanent magnets 362b and 363b 
has magnetic poles in both end surfaces in the axial direction 
thereof. In the illustrated embodiment, N-poles are formed 
in the end surfaces facing each other, and s-poles are formed 
in the outer end surfaces in the axial direction thereof . The 
pair of moving yokes 364b, 365b is made of a magnetic material, 
and have cylindrical portions 364c, 365c and annular flanges 
364d, 365d provided respectively at the outer ends of the 
cylindrical portions 364c, 365c in the axial direction thereof, 
the outer peripheral surfaces of the flanges 364d and 365d 
being close to the inner peripheral surface of the fixed yoke 
39. The gap between the outer peripheral surfaces of the 
flanges 364d, 365d and the inner peripheral surface of the 
fixed yoke 39 is set to be 0.5 mm, like in the magnet-type 
actuator 3a of the second embodiment. In the illustrated 
embodiment, the above-mentioned pair of moving yokes 364b and 
365b is constituted respectively by the cylindrical portions 
364c, 365c and by the flanges 364d, 365d. Here, however, the 
outer peripheral surfaces may be constituted by only the 
flanges that are located close to the inner peripheral surface 
of the fixed yoke 39 . The thus constituted pair of moving yokes 



364b and 365b is positioned at the right end (in Fig. 7) of 
one moving yoke 364b (right side in Fig. 7) by a step 351 formed 
in the shift sleeve 35 and is positioned at its left end (in 
Fig. 7) of the other moving yoke 365b (left side in Fig. 7) 
by a snap ring 366b fitted to the shift sleeve 35 so as to 
be limited for its motion in the axial direction. 

The select actuator 3b according to the third embodiment 
is constituted as described above. The operation will now be 
described with reference to Fig. 8. 

In the select actuator 3b of the third embodiment as 
shown in Fig. 8(a) and 8(b), a first magnetic flux circuit 
368b and a second magnetic flux circuit 369b are formed by 
the pair of permanent magnets 362b and 363b. That is, in the 
select actuator 3b of the illustrated embodiment, there are 
established the first magnetic circuit 368b passing through 
the N-pole of permanent magnet 362b, intermediate yoke 3 6 lb, 
coil 40b, fixed yoke 39, flange 364d of the moving yoke 364b, 
cylindrical portion 364c of the moving yoke 364b and S-pole 
of the permanent magnet 362b, and the second magnetic circuit 
369b passing through the N-pole of permanent magnet 363b, 
intermediate yoke 361b, coil 40b, fixed yoke 39, flange 365d 
of the moving yoke 365b, cylindrical portion 365c of the moving 
yoke 365b and S-pole of the permanent magnet 363b. When in 
this state, an electric current is supplied to the coil 40b 
in a direction shown in Fig. 8(a) , a thrust is produced toward 
the left on the magnetic moving means 36b, i.e., on the shift 
sleeve 35 as indicated by an arrow in Fig. 8(a) . On the other 
hand, when the current is supplied to the coil 40b as shown 
in Fig. 8(b) , which is opposite to the direction of Fig. 8(a) , 
a thrust is produced toward the right on the magnetic moving 
means 36b, i.e., on the shift sleeve 35 as indicated by an 
arrow in Fig. 8(b). 

According to the select actuator 3b of the third 
embodiment as described above, the pair of permanent magnets 
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632b and 363b is arranged on the both sides of the intermediate 
yoke 361b to hold it therebetween, and the N-poles are formed 
in the end surfaces facing each other of the pair of permanent 
magnets 362b and 363b. Therefore, the magnetic fluxes going 
5 out from the two permanent magnets 362b and 363b travel toward 
the coil 40b while being repelled by each other . In the select 
actuator 3b of the third embodiment, therefore, the magnetic 
fluxes pass through the coil 40b at right angles therewith, 
enabling the pair of permanent magnets 362b and 363b, i.e.. 



Q 10 enabling the output shaft shift sleeve 35 to produce a large 

B 

=ri thrust. The S-pole may be formed in the end surfaces facing 

O each other of the pair of permanent magnets 362b and 363b. 

03 

T Namely, it is desired that the same pole be formed in the end 

E 

surfaces facing each other of the pair of permanent magnets 

O 15 362b and 363b. In the select actuator 3b of the third 

L7 embodiment, further, there are established the first magnetic 

ro flux circuit 368b and the second magnetic flux circuit 369b 

O 

rij by the pair of permanent magnets 362b and 363b as shown in 



Figs. 8(a) and 8(b), and it has a constitution that the inner 
20 peripheral surfaces of the fixed yoke 39 are located close 
to the outer peripheral surfaces of flanges 364d, 365d of the 
pair of moving yokes 364b, 365b. Therefore, a large air gap 
to the magnetic flux is formed by the coil 40b only. 
Accordingly, the magnet-type actuator 3b of the third 
25 embodiment makes it possible to minimize the air gap in the 
magnetic flux circuits based on the pair of permanent magnets 
362b and 363b, and to produce a large thrust. 

Next, the shift actuator 5 will be described with 
reference chiefly to Fig. 3. 
30 The illustrated shift actuator 5 comprises a first 

electromagnetic solenoid 6 and a second electromagnetic 
solenoid 7 for actuating an operation lever 50 mounted on the 
control shaft 32 arranged in the casings 31a, 31b, 31c of the 
select actuator 3 . The operation lever 50 has a hole 501 formed 
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in its base portion to be fitted to the control shaft 32. A 
key 503 is fitted to a key groove 502 formed in the inner 
peripheral surface of the hole 501 and to a key groove 322 
formed in the outer peripheral surface of the control shaft 
32 , so that the operation lever 50 turns , as a unitary structure, 
together with the control shaft 32. The operation lever 50 
is disposed through an opening 311a formed in the lower portion 
of the casing 31a which is on the left side in Figs. 1 and 
2. 

Next, the first electromagnetic solenoid 6 will be 
described. 

The first electromagnetic solenoid 6 comprises a casing 
61, a fixed iron core 62 that is made of a magnetic material 
and is disposed in the casing 61, an operation rod 63 that 
is made of a nonmagnetic material such as a stainless steel 
and is disposed through a through hole 621 formed in the central 
portion of the fixed iron core 62, a moving iron core 64 that 
is made of a magnetic material and is mounted on the operation 
rod 63, and an electromagnetic coil 66 wound on a bobbin 65 
made of a nonmagnetic material such as synthetic resin arranged 
between the casing 61 and the moving iron core 64 as well as 
fixed iron core 62. The thus constituted first 
electromagnetic solenoid 6 so works that the moving iron core 
64 is attracted by the fixed iron core 62 when an electric 
current is supplied to the electromagnetic coil 66. As a 
result, the operation rod 63 mounting the moving iron core 
64 moves toward the left in Fig. 3 and its end acts on the 
operation lever 50 to turn it clockwise on the control shaft 
32 as a center. Thereby, the shift lever 34 constituted 
integratedly with the shift sleeve 35 mounted on the control 
shaft 32 undergoes a shifting operation in one direction. 

Next, the second electromagnetic solenoid 7 will be 
described. 

The second electromagnetic solenoid 7 is disposed on 
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the opposite side to the first electromagnetic solenoid 6. 
Like the first electromagnetic solenoid 6 , the second 
electromagnetic solenoid 7, too, comprises a casing 71, a fixed 
iron core 72 that is made of a magnetic material and is disposed 
5 in the casing 71, an operation rod 73 that is made of a 
nonmagnetic material such as a stainless steel and is disposed 
through a through hole 721 formed in the central portion of 
the fixed iron core 72, a moving iron core 74 that is made 
u of a magnetic material and is mounted on the operation rod 

O io 73, and an electromagnetic coil 76 wound on a bobbin 75 made 

O 

fji of a nonmagnetic material such as synthetic resin arranged 

^ between the casing 71 and the moving iron core 74 as well as 

0j the fixed iron core 72. The thus constituted second 

J" electromagnetic solenoid 7 so works that the moving iron core 
15 74 is attracted by the fixed iron core 72 when an electric 

y, current is supplied to the electromagnetic coil 76. As a 
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result, the operation rod 73 mounting the moving iron core 
!U 74 moves toward the right in Fig. 3 and its end acts on the 

operation lever 50 to turn it counterclockwise on the control 
20 shaft 32 as a center. Then, the shift lever 34 constituted 
integratedly with the shift sleeve 35 mounted on the control 
shaft 32 undergoes a shifting operation in the other direction. 

The gear change device according to the illustrated 
embodiment has a select position sensor 8 for detecting the 
25 position of the shift sleeve 35 as the shift lever support 
member constituted integratedly with the shift lever 34, i.e. , 
for detecting the position thereof in the direction of 
selection. The select position sensor 8 comprises a 
potentiometer, and a rotary shaft 81 thereof is attached to 
30 an end of a lever 82. An engaging pin 83 attached to the other 
end of the lever 82 is brought into engagement with an engaging 
groove 352 formed in the shift sleeve 35. Therefore, as the 
shift sleeve 35 moves toward the right or left in Fig. 2, the 
lever 82 swings on the rotary shaft 81 as a center, and the 



rotary shaft 81 rotates to detect the operation position of 
the shift sleeve 35, i.e., to detect the position thereof in 
the direction of selection. In response to a signal from the 
select position sensor 8, the shift lever 34 is brought to 
a desired select position by controlling the voltage and the 
direction of the electric current supplied to the coils 40 
and 41 (40a and 40b) of the select actuator 3 (3a and 3b) by 
using a control means which is not shown. 

Further, the gear change device 2 of the illustrated 
embodiment has a shift stroke position sensor 9 for detecting 
the rotational position, i.e. , for detecting the shift stroke 
position of the control shaft 32 mounting the shift sleeve 
35 as the shift lever support member constituted integratedly 
with the shift lever 34. The shift stoke position sensor 9 
comprises a potentiometer with its rotary shaft 91 being linked 
to the control shaft 32. When the control shaft 32 rotates, 
therefore, the rotary shaft 91 rotates to detect the rotational 
position, i.e. , the shift stroke position, of the control shaft 
32. 

Next, the gear change device constituted according to 
another embodiment of the present invention will be described 
with reference to Figs. 9 and 10. In the gear change device 
10 shown in Figs. 9 and 10, the members substantially the same 
as those of the gear change device 2 shown in Figs. 1 to 3 
are denoted by the same reference numerals. 

Fig. 9 is a sectional view illustrating the gear change 
device constituted according to another embodiment of the 
present invention, and Fig. 10 is a sectional view along the 
line C-C in Fig. 9. Like the gear change device 2 shown in 
Figs. 1 to 3 , the gear change device 10 shown in Figs. 9 and 
10, too, is constituted by a select actuator 11 and a shift 
actuator 5. The select actuator 11 in the illustrated 
embodiment comprises three cylindrical casings 12a, 12b and 
12c which are connected to each other. In Figs. 9 and 10, the 
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casing 12a on the left side has an end wall 121a at the left 
end thereof, is opened at the right end thereof, and has an 
opening 122a formed in the lower portion thereof. The casing 
12a on the left side is provided with a shift actuator-mounting 
portion 123a formed to protrude downward. In the shift 
actuator-mounting portion 123a is formed an opening 124a which 
is communicated with the opening 312a and is at right angles 
with the axial direction of the casing. The center casing 12b 
has its both ends open, and has an opening 121b formed in the 
lower portion at the center thereof. The casing 12c on the 
right side is opened at the left end in Figs. 9 and 10, and 
is provided with an end wall 121c at the right end in Figs. 
9 and 10. 

A control shaft 13 is disposed in the thus constituted 
three casings 12a, 12b and 12c, and is supported at its both 
ends by thrust bearings 141 and 142 mounted on the end wall 
121a of the casing 12a of the left side and mounted on the 
end wall 121c of the casing 12c of the right side so as to 
rotate and slide in the axial direction. The control shaft 
13 is constituted by a nonmagnetic material such as stainless 
steel and has an external spline 131 formed in the central 
portion thereof. A mounting portion 341 of the shift lever 
34 is spline-fitted to the external spline 131 formed on the 
control shaft 13, and the motion thereof in the axial direction 
is limited by snap rings 151 and 152 fitted to the control 
shaft 13 on both sides thereof. Therefore, the shift lever 
34 operates integratedly with the control shaft 13. The 
control shaft 13 therefore works as a shift lever support 
member that supports the shift lever to slide in the axial 
direction and to rotate. The shift lever 34 is disposed 
through an opening 121b formed in the lower portion of the 
central casing 12b. The end of the shift lever 34 is so 
constructed as to suitably engage with shift blocks 301, 302, 
303, 304 which are disposed at the first select position SP1, 
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second select position SP2, third select position SP3 and 
fourth select position SP4 and constitute the shift mechanism 
for the transmission that is not shown. 

A magnetic moving means 36 is disposed on the outer 
peripheral surface of the control shaft 13 of a portion 
corresponding to the casing 12c of the right side. The 
magnetic moving means 36 is constituted by an annular permanent 
magnet 361 that is mounted on the outer peripheral surface 
of the control shaft 13 and has magnetic poles in both end 
surfaces in the axial direction thereof, and a pair of moving 
yokes 362 and 363 disposed on the outer sides of the permanent 
magnet 361 in the axial direction thereof, like in the 
embodiment shown in Figs. 1 to 3. The permanent magnet 361 
in the illustrated embodiment is magnetized into an N-pole 
in the right end surface in Figs. 9 and 10, and is magnetized 
into an S-pole in the left end surface in Figs. 9 and 10. The 
thus constituted magnetic moving means 36 is positioned on 
its both sides by snap rings 371 and 372 mounted onto the 
control shaft 13, and is limited from moving in the axial 
direction. A fixed yoke 39 surrounding the magnetic moving 
means 36 is arranged on the outer peripheral side of the 
magnetic moving means 36. The fixed yoke 39 is made of a 
magnetic material in a cylindrical shape and is mounted on 
the inner peripheral surface of the casing 12c on the right 
side. A pair of coils 40 and 41 is arranged on the inside of 
the fixed yoke 39. The pair of coils 40 and 41 is wound on 
a bobbin 42 that is made of a nonmagnetic material such as 
a synthetic resin and is mounted on the inner peripheral 
surface of the fixed yoke 39. The pair of coils 40 and 41 is 
connected to a power-source circuit which is not shown. The 
thrust is produced on the magnetic moving means 36, i.e., on 
the control shaft 13 in the directions same as those of the 
embodiment shown in Figs. 1 to 3 depending upon the electric 
power supplied to the pair of coils 40 and 41. End walls 43 
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and 44 are mounted on both sides of the fixed yoke 39. Sealing 
members 45 and 46 are mounted on the inner peripheries of the 
end walls 43 and 44 to come into contact with the outer 
peripheral surface of the control shaft 13. 

On both sides of the shift lever 34, there are provided 
first select position-limiting means 47a and second select 
position-limiting means 48a for limiting the position of the 
shift lever 34 to the first select position SP1, second select 
position SP2 f third select position SP3 or fourth select 
position SP4 in cooperation with the magnitude of the thrust 
produced on the magnetic moving means 36, i.e., produced on 
the control shaft 13 as the shift lever support member in 
proportion to the amount of electric power supplied to the 
pair of coils 40 and 41. The first select position- limiting 
means 47a is located between the shift lever 34 and a bearing 
bush 15 which is disposed at the right end of the central casing 
12b in Figs. 9, 10, is made of a synthetic resin having good 
sliding property and supports the control shaft 13 so as to 
slide in the axial direction and to rotate. The first select 
position-limiting means 47a is constituted by an annular 
moving ring 471a which is allowed to slide along the control 
shaft 13, an annular stopper 472a that is disposed on the right 
side of the moving ring 471a and is limited by the bearing 
bush 15 from moving toward the right in Figs. 9 and 10, and 
a compression coil spring 473a disposed between the moving 
ring 471a and the annular stopper 472a. The moving ring 471a 
comes in contact with a step 474a formed in the central portion 
of the central casing 12b, and is limited from moving toward 
the left beyond the state shown in Figs. 9 and 10. 

The second select position-limiting means 48a is 
located between the shift lever 34 and a cylindrical spacer 
16 disposed at the left end of the central casing 12b in Figs. 
9 and 10. The second select position-limiting means 48a is 
constituted by an annular moving ring 481a which is allowed 
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to slide along the control shaft 13, an annular stopper 482a 
that is disposed on the left side of the moving ring 481a and 
is limited by the cylindrical spacer 16 from moving toward 
the left in Figs. 9 and 10, and a compression coil spring 483a 
disposed between the moving ring 481a and the annular stopper 
482a. The moving ring 481a comes in contact with a step 484a 
formed in the central portion of the central casing 12b, and 
is limited from moving toward the right beyond the state shown 
in Figs. 9 and 10. 

The select actuator 10 shown in Figs. 9 and 10 is 
constituted as described above. The operation will now be 
briefly described. 

When no electric power is supplied (no current is 
supplied) to the pair of coils 40 and 41 constituting the select 
actuator 10, the moving ring 471a and the moving ring 481a 
are brought into contact with the steps 474a and 484a formed 
in the central portion of the central casing 12b due to the 
resilient forces of the compression coil spring 4 73a 
constituting the first select position- limiting means 47a and 
of the compression coil spring 483a constituting the second 
select position-limiting means 48a. As a result, the shift 
lever 34 mounted on the control shaft 13 is in a free state 
between the second select position SP2 and the third select 
position SP3 shown in Figs. 9 and 10 in the direction of 
selection (right-and-left direction in Figs. 9 and 10). 

When in a state shown in Figs. 9 and 10, a current with 
a voltage of, for example, 2.4 V is supplied to the pair of 
coils 40, 41 constituting the select actuator 10 in the same 
manner as in Fig. 4(a), the magnetic moving means 36 produces, 
i.e., the control shaft 13 which is the shift lever support 
member produces a thrust toward the right in Figs. 9 and 10, 
and moves toward the right in Figs. 9 and 10, so that the 
mounting portion 341 of the shift lever 34 comes in contact 
with the moving ring 471a. Here, the load of the compression 
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coil spring 473a has been set to be larger than the thrust 
of the select actuator 10 of when the voltage of 2 . 4 V is applied 
and, hence, the moving ring 471a is not displaced. Therefore, 
the control shaft 13 comes into a halt at a position where 
5 the right end of the mounting portion 341 of the shift lever 
34 comes in contact with the moving ring 471a that constitutes 
the second select position-limiting means 47a. As a result, 
the shift lever 34 mounted on the control shaft 13 is brought 
to the second operation position SP2. 
10 Next, when a current with a voltage of, for example, 

4.8 V is supplied to the pair of coils 40 and 41 in the same 
manner as in Fig. 4 ( a) , the thrust acting on the magnetic moving 
means 36, i.e., acting on the control shaft 13 which is the 
shift lever support member has been set to become greater than 
15 the resilient force of the compression coil spring 473a 

constituting the first select position- limiting means 47a. 
Accordingly, the shift lever 34 moves toward the right in Figs. 
9 and 10 in a state of being in contact with the moving ring 
471a against the resilient force of the compression coil spring 
20 473a, and comes into a halt at a position where the moving 
ring 471a comes in contact with the stopper 472a. At this 
moment, the shift lever 34 mounted on the control shaft 13 
is brought to the first select position SPl. 

When in a state shown in Figs. 9 and 10, a current with 
25 a voltage of, for example, 2.4 V is supplied to the pair of 
coils 40, 41 constituting the select actuator 10 in the same 
manner as in Fig. 4(b) , the magnetic moving means 36 produces, 
i.e., the control shaft 13 which is the shift lever support 
member produces a thrust toward the left in Figs. 9 and 10, 
30 and moves toward the left in Figs . 9 and 10 , so that the mounting 
portion 341 of the shift lever 34 comes in contact with the 
moving ring 481a. Here, the load of the compression coil 
spring 483a has been set to be larger than the thrust of the 
select actuator 10 of when the voltage of 2.4 V is applied 
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and, hence, the moving ring 481a is not displaced. Therefore, 
the control shaft 13 comes into a halt at a position where 
the left end of the mounting portion 341 of the shift lever 
34 comes in contact with the moving ring 481a that constitutes 
the second select position-limiting means 48a. As a result, 
the shift lever 34 mounted on the control shaft 13 is brought 
to the third operation position SP3 . 

Next, when a current with a voltage of, for example, 
4.8 V is supplied to the pair of coils 40 and 41 in the same 
manner as in Fig. 4(b), the thrust acting on the magnetic moving 
means 36, i.e., acting on the control shaft 13 which is the 
shift lever support member has been set to become greater than 
the resilient force of the compression coil spring 483a 
constituting the second select position-limiting means 48a. 
Accordingly, the shift lever 34 moves toward the left in Figs. 
9 and 10 in a state of being in contact with the moving ring 
481a against the resilient force of the compression coil spring 
483a, and comes into a halt at a position where the moving 
ring 481a comes in contact with the stopper 482a. At this 
moment, the shift lever 34 mounted on the control shaft 13 
is brought to the fourth select position SP4 . 

The shift actuator 5 will be described next. 

The illustrated shift actuator 5 comprises a first 
electromagnetic solenoid 6 and a second electromagnetic 
solenoid 7 for actuating the operation lever 50 which is 
spline-fitted, at its base portion, to the external spline 
131 of the control shaft 13 so as to slide in the axial direction. 
On both sides of the base portion of the operation lever 50, 
there are arranged bearing bushes 17 and 18 made of a synthetic 
resin having good sliding property to support the control shaft 
13 so as to slide in the axial direction and to rotate. The 
one bearing bush 17 is limited by a step formed in the central 
casing 12b from moving toward the right in Figs. 9 and 10, 
and the other bearing bush 18 is limited by a step formed in 



the casing 12a of the left side from moving toward the left 
in Figs. 9 and 10. Therefore, the operation lever 50 disposed 
between the bearing bushes 17 and 18 is limited from moving 
in the axial direction. The operation lever 50 is disposed 
being inserted in the opening 122 a formed in the lower portion 
of the casing 12a of the left side, and has its end arriving 
at the center of the opening 124a formed in the shift 
actuator-mounting portion 123a. The first electromagnetic 
solenoid 6 and the second electromagnetic solenoid 7 for 
actuating the thus constituted operation lever 50 , are mounted 
on both sides of the shift actuator -mounting portion 123a. 
The first electromagnetic solenoid 6 and the second 
electromagnetic solenoid 7 are constituted substantially in 
the same manner as the first electromagnetic solenoid 6 and 
the second electromagnetic solenoid 7 shown in Fig. 3, and 
are not described here again. 

The embodiment shown in Figs. 9 and 10 has dealt with 
the case of using, as a magnetic moving means, the magnetic 
moving means 36 of the embodiment shown in Figs. 1 and 2. It 
is, however, also allowable to use the magnetic moving means 
36a and the magnetic moving means 36b shown in Figs. 5 and 
7. 

The gear change device constituted according to the 
present invention exhibits action and effect as described 
below. 

That is, in the select actuator constituting the gear 
change device of the present invention, the shift lever support 
member supporting the shift lever operates based on the 
principle of a linear motor which is constituted by a magnetic 
moving means, a fixed yoke and a coil. Therefore, the select 
actuator features improved durability since it has no rotary 
mechanism, features a compact constitution and an increased 
operation speed since it needs no reduction mechanism 
constituted by a ball-screw mechanism or a gear mechanism that 
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is employed by the actuator using an electric motor. 
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